Exploring amino-acid radical chemistry: protein engineering and de novo design.
Amino-acid radical enzymes are often highly complex structures containing multiple protein subunits and cofactors. These properties have in many cases hampered the detailed characterization of their amino-acid redox cofactors. To address this problem, a range of approaches has recently been developed in which a common strategy is to reduce the complexity of the radical-containing system. This work will be reviewed and it includes the light-induced generation of aromatic radicals in small-molecule and peptide systems. Natural redox proteins, including the blue copper protein azurin and a bacterial photosynthetic reaction center, have been engineered to introduce amino-acid radical chemistry. The redesign strategies to achieve this remarkable change in the properties of these proteins will be described. An additional approach to gain insights into the properties of amino-acid radicals is to synthesize de novo designed model proteins in which the redox chemistry of these species can be studied. Here we describe the design, synthesis and characteristics of monomeric three-helix bundle and four-helix bundle proteins designed to study the redox chemistry of tryptophan and tyrosine. This work demonstrates that de novo protein design combined with structural, electrochemical and quantum chemical analyses can provide detailed information on how the protein matrix tunes the thermodynamic properties of tryptophan.